Purpose -The most significant point to be introduced in the subdomain technique (i.e., based on the formal resolution of Maxwell's equations applied in subdomain) is the local saturation effect. In this paper, the author presents a novel contribution on improving of this two-dimensional (2-D) technique in polar coordinates by focusing on the local saturation.
3 saturation, the E-SDs should be small and the high harmonics will be useless. A comparison between the case of one harmonic and three harmonics is given in Section V.
The mesh in this model is done with simple algorithm by devising the rotor and the stator region in r-and θ-directions. As examples, a comparison between three different meshes is done in Section V: , , , , ,       are its integration constants.
Each E-SD is characterized by absolute reluctivity in function of B , this function is obtained from the nonlinear curve using the analytical model given in [21] : 
Rs
 k=1⋯K s Region III 1  s L  , III k l  , III k l  Ss  Si  Sv  (a) (b)
III. MAGNETIC FIELD SOLUTION
In the proposed model the machine is divided into three regions. Fig. 1 shows the machines topologies where: i) Region I represents the air-gap, ii) Region II the rotor, and iii) Region III the stator.
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After meshing the stator and the rotor region into E-SDs, each E-SD is associated by inner and outer radii, position, opening width, and absolute reluctivity. The following sub-sections present the general solutions in each region.
A. General solution of Laplace's equation in region I
In the air-gap (i.e., Region I), which is an annular domain at where n is a positive integer, and A10 -A4n are the integration constants in Region I. 
B. General Solution of Laplace's/Poisson's Equations in Region II
The rotor region (i.e., Region II) is divided into E-SDs as it shown in Fig. 2 
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C. General solution of Laplace's/Poisson's equations in region III
The stator region (i.e., Region III) is divided into E-SDs as it shown in Fig. 2 
IV. ICS AND NR ITERATIVE ALGORITHM
The integration constants in (7), (9), and (11) can be determined by solving the following nonlinear system equations obtained from the ICs between the various regions [see Appendix B], viz., 
It should be noted that the first three lines of sub-matrices in the matrix M correspond to ICs of z A where the equations are independent to the absolute reluctivity of materials. However, the other sub-matrices are corresponding to ICs of // H at surface. These later are depending to the absolute reluctivity of materials which are also related to the unknowns vector X.
The Jacobian matrix of () fXcan be written for the k th iteration as Using the well-known NR iterative formula the solution at each iteration is given as:
where k J is the Jacobian matrix, and ()
In order to improve the convergence, the nonlinear iteration was decelerated by applying an under relaxation factor as follows:
The usual NR iterative algorithm can be obtained for =1. Herein, the value of is changed according 
V. RESULTS AND VALIDATION
The developed semi-analytical method with the local saturation effect is used to determine the magnetic field in all regions of the machines. The main dimensions and parameters of the studied machine are given in Table I . Then, semi-analytic results are verified by FEM [20] . To find agreeable results, we have used sufficient maximum segments in arcs drawing and automatic mesh generation, which gives 17,708 nodes and 35,231 elements. The simulation consumes around 8 sec.
In Fig. 4 , a comparison between the numerical results and the semi-analytical predictions for on load condition are shown in terms of magnitude of B in the middle of the air-gap (i.e., Region I) for three different meshes and tow case: i) one r-and θ-harmonic are associated for each E-SD and ii) three r-and θ-harmonics are associated for each E-SD. It can be seen that the semi-analytic model converge to the solution given by FEM however the time simulation become important for fin mesh (i.e., mesh (M3)). In the case of three harmonics per E-SD, the computation time augments nevertheless the accuracy don't affect so match, this refer to the local saturation of the iron which need the augmentation of the number of E-SDs more than the number of the harmonics. It should be noted that the RMS error is calculated as   The obtained relative permeability from the developed semi-analytical model is compared to that found by FEM in Fig. 8 good agreements are obtained. One can see the high saturation of the machine especially in the stator yoke and the rotor bridge where the relative permeability is less than 50.
Another presentation of obtaining results is shown in Fig. 9 , where the magnitude of B in all machines regions is plotted, the comparison between analytical and numerical results improve the model accuracy regarding the local saturation which can be observed in inner/outer rotor bridge, stator yoke, and partial part of stator/rotor teeth. 
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VI. CONCLUSION
In this paper, we have proposed an improved semi-analytical model based on the 2-D subdomain technique in polar coordinates (r,θ) for the rotating electrical machine. The model has been applied to the STPMM. In this approach, the rotor and the stator regions are divided into E-SDs which are characterized by general solutions to the first harmonic of magnetostatic
Maxwell's equations. The ICs are performed in both directions (i.e., r-and θ-edges). The local saturation effect has been taken into account in the electromagnetic modeling. NR iterative algorithm has been used for nonlinear magnetic field analysis.
In addition to considering local saturation, one of the largest advantages of the discussed approach is its compatibility with various geometries, viz., with(out) bridge, with(out) semi-closed, one(double) layer…, the only change to make is the particular solution association for each E-SD.
In 
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